Sterols are essential lipid components of eukaryotic membranes. They are synthesized in the endoplasmatic reticulum (ER) from where they are efficiently transported to the plasma membrane, which harbors ~90% of the free sterol pool of the cell. The molecular mechanisms that govern this lipid transport, however, are not well characterized and are challenging to analyze. S. cerevisiae offers the opportunity to circumvent some of the technical limitations associated with studying this forward transport of sterols from the ER to the plasma membrane, because the organism can also take up sterols from the environment, incorporate them into the plasma membrane and transport them back to the ER, where the free sterol is converted to steryl esters. This reverse sterol transport, however, occurs only under anaerobic conditions, where the cells become sterol auxotroph, or in mutant cells that cannot synthesize heme. The reverse sterol transport pathway, however, is more amenable to experimental studies, because arrival of the sterol in the ER membrane can be monitored unambiguously by following the formation of steryl esters. Apart from sterol acylation, we have recently described a reversible sterol acetylation cycle that is operating in the lumen of the ER. Acetylation occurs on both cholesterol and pregnenolone, a steroid precursor, and serves as a signal for export of the acetylated sterols into the culture media. The time-dependent appearance of acetylated sterols in the culture supernatant thus provides a new means to monitor the forward transport of chemically modified sterols out of the ER.
Introduction
Sterols are essential lipid components of eukaryotic membranes that determine many membrane properties and are required for polar sorting events during vesicle transport in animal, plant and fungal cells (1, 2) . Changes in sterol levels in membranes can have profound effects on signal transduction pathways, and on the trafficking of membrane proteins and lipids. Eukaryotic cells synthesize sterols in the endoplasmic reticulum (ER) from where they need to be efficiently transported to the plasma membrane, which harbors ~90% of the free sterol pool of the cell. This transport process is facilitated by vesicular as well as non-vesicular components (3) .
This forward transport of sterols, however, is challenging to study because arrival of the newly synthesized sterol at the plasma membrane in not accompanied by any covalent modification of the lipid. This is frequently being circumvented by analyzing radio-labeled cyclodextrin extractable material from the intact plasma membrane (4-
6).
Animal cells take up exogenous sterols through receptor-mediated endocytosis of low-density lipoproteins (LDL). Once delivered to late endosome or lysosome, LDL-derived cholesteryl esters are hydrolyzed, and the free cholesterol is rapidly cycled back to the plasma membrane and/or the ER for re-esterification (7). This back transport pathway of sterols from the plasma membrane/endosome to the ER is technically more robust to analyze as arrival of the sterol at the ER is accompanied by a covalent modification of the lipid, i.e. acylation (8, 9) .
Fungal cells synthesize ergosterol instead of cholesterol as their main sterol and many aspects of sterol homeostasis are conserved between yeast and human (10) (11) (12) . Under aerobic conditions, ergosterol is synthesized in the ER membrane and is greatly enriched at the yeast plasma membrane (13) . Under these conditions, cells do deacetylated by Say1. As a consequence, pregnenolone acetate is rapidly excreted by the cells and accumulates in the culture supernatant. Monitoring the appearance of acetylated pregnenolone thus provides a novel tool to investigate the cellular uptake of steroids as well as the molecular basis for the excretion of acetylated steroids.
This chapter discusses the uptake and secretion of radiolabeled sterols by yeast Saccharomyces cerevisiae. Radiolabeled lipids are typically provided to hemedeficient, i.e., uptake competent cells, for some time and then extracted again from whole cell lysates as well as from the culture media. The metabolically modified lipids are then separated by ascending thin layer chromatography (TLC) using plates coated with silica gel (60 Å pore size). This technique of lipid separation is simple, versatile, and highly sensitive with the flexibility to be used both quantitatively and qualitatively (19) . After TLC separation, radiolabeled lipids are detected and quantified using either a radio TLC analyzer or by exposing the TLC plate to a phosphorimager screen or an X-ray film. 10. After separation is complete, the TLC plate is removed from the chamber and left to dry in a ventilated hood for at least 1-2 hours. The radiolabeled lipid classes (free cholesterol, cholesterol esters and, triacylglycerols) are then quantified by scanning using a radio TLC analyzer (see Note 6). Alternatively, the TLC plate can be exposed to phosphorimaging plate for 24 hours and then be analyzed, using a phosphorimager (Bio-Rad, Hercules, CA) (see Note 7, 8). 13. Centrifuge at 4,000 rpm in a tabletop centrifuge for 5 min to separate the organic and aqueous phases.
14. Carefully transfer the lower organic phase with a 5 mL pipette into a new 50 mL falcon tube (avoid the aqueous phase as well as the interphase).
15. Pour off the supernatant and discard the radiolabeled waste.
16. Dry down the organic phase under a stream of nitrogen gas and analyze and quantify the lipids after TLC separation as described in 3.1.1.
Results

1.
Cholesterol uptake under the conditions described in 3.1. is time-dependent and the internalized cholesterol is efficiently back transported to the ER membrane where it is converted to steryl esters (Fig. 1) . This lipid uptake pathway is affected in a number of sterol uptake and transport mutants that were isolated in a genome-wide screen for mutants that fail to grow under anaerobic conditions (12,17).
Formation of cholesterol acetate is barely detectable in wild-type cells, but
accumulates in cells lacking the sterol deacetylase (say1Δ) (Fig. 2) .
Discrimination between intra-and extracellular lipids reveals that say1Δ mutant cells excrete sterol acetate. Excretion of this lipid is selective for acetylated sterols because long-chain steryl esters are not detectable in the culture supernatant of wild-type or say1Δ mutant cells. The identity of the modified sterol that accumulates in say1Δ mutant cells was independently confirmed by mass spectrometry (18) . 3. At a given humidity, the amount of water adsorbed by the silica gel increases as pore size decreases. The water content of the silica gel increases the polarity of the adsorbent and hence its chromatographic properties. For good separations, the water content of the silica gel on TLC plates therefore must be carefully controlled. To remove the water, the silica gel is "activated" by heating the plates immediately before use for 10 min at temperature above 100°C. [
